patients who did not . However, in the 55 patients without Q waves, the risk increased to 11 times for an abnormal ST response.
These findings suggest that exercise-induced ST depression only predicts high risk in patients after myocardial infarction whose ECG at rest does not exhibit Q waves and that differences in the prevalence of rest ECG patterns are the most likely explanation for the failure of agreement among prior studies .
(J Am Coll Cardiol 1989;14 :305-11) 305 cardiac events (3) . Therefore, we performed this study to determine if exercise testing can be used in our patients for risk stratification, and whether the predictive value of exercise-induced ST segment depression is influenced by the rest ECG .
Methods
Study patients . Between April 1, 1984 and April 13, 1987 , 534 men were admitted to the Long Beach Veterans Administration Medical Center with a diagnosis of acute myocardial infarction . The diagnosis of myocardial infarction was based on at least two of the following criteria : 1) typical history of chest pain, ) dynamic ECG changes, and 3) typical increase and decrease in total serum creatine kinase concentration . Previous myocardial infarction was diagnosed by a documented history of infarction or the presence of diagnostic Q waves on the ECG before the present admission .
One hundred two of the 534 patients died during hospitalization ( Fig . 1) . Of the 43 survivors, 1 (51%) were not referred for a treadmill exercise test . Of these 1 patients, 60 did not undergo exercise testing for cardiac reasons (uncontrolled congestive heart failure in 35, unstable angina in 14 and dangerous ventricular arrhythmias in 11) . Of the EFFECT OF Q WAVE ON THE EXERCISE ECG 57( 0%) Deaths 905%) Cardiac Death Figure 1 . Distribution of the incidence of myocardial infarction (MI) in this study population . REMI = recurrent myocardial infarction .
remaining 161 patients who did not undergo exercise testing, 1 4 were excluded for noncardiac reasons and 37 were excluded because of emergency cardiac catheterization or revascularization procedures, or both ( of these 37 patients died) .
Of the 11 patients who performed a predischarge exercise test, 13 were excluded for technical reasons (no deaths occurred in this group) . Thus, the study group consisted of 198 survivors of myocardial infarction who performed a predischarge submaximal exercise test .
Clinical data . 
Results
Follow-up results (Table 1) . Among the 198 patients who underwent exercise testing during a mean follow-up period of months (range to 40), there were 9 cardiac deaths (15%), 19 patients (10%) with a nonfatal myocardial infarction (reinfarction) and 8 patients (14%) who underwent a revascularization procedure (coronary artery bypass surgery or coronary angioplasty) . The 198 patients who performed the exercise test had a significantly lower incidence of death (n = 9 [15%]) compared with the 1 patients who did not (n = 57 [ 6%]) (p < 0 .05) . The death rate in comparable groups with angina, congestive heart failure and ventricular arrhythmias in those tested versus those not tested was 18% versus 9%, 7% versus 43% and 17% versus 36%, respectively . The mortality rate was highest among the 11 patients with a cardiovascular accident (7 %) and those with generalized disease or debilitation (45%) .
Prognostic value of clinical and historical variables (Table  1) . Using univariate analysis, only features reflecting decreased myocardial function were associated with significantly higher death rates . These included chest X-ray score > 1, Killip class > 1, prior myocardial infarction and the need for diuretic therapy . When considering the site of myocardial infarction, non-Q wave myocardial infarction was associated with an increased risk for death but not for recurrent myocardial infarction (p = 0 .0 7) . After exclusion of patients with prior myocardial infarction, a non-Q wave myocardial infarction was not associated with death . Regarding age, of patients >69 years old, 5 ( .7%) died and none sustained reinfarction, whereas 4 (13 .6%) of 176 patients <70 years old died . There were no deaths and two reinfarctions in the 8 patients <50 years of age . Eight (50%) of the 16 patients who presented with a prior myocardial infarction and congestive heart failure on admission died during the follow-up period and only one sustained reinfarction .
History of hypertension, insulin-dependent diabetes mellitus and previous coronary artery bypass surgery were the only variables associated with an increased risk of reinfarction . Patients who had a history of hypertension, used diuretic drugs, had a chest X-ray score > or had angina after their myocardial infarction were at a significantly increased risk only when death and reinfarction were combined as end points .
Predischarge rest ECG variables. The only significant predictor of death was a combination of no Q waves and the presence of ST segment depression at rest (risk ratio of 3 .4, p = 0 .033) . Ten of the 1 patients with this combination had a non-Q wave myocardial infarction, and had Q waves that no longer achieved the criteria for being abnormal . There was no difference in patients taking or not taking digoxin or a beta-blocker . None of the rest ECG variables were associated with reinfarction .
Prognostic value of exercise test variables (Table ) . with an increased risk for death (p < 0 .04) . Patients unable to reach 3 METs or with a heart rate difference of < 0 beats/min were at an increased risk for death, but no risk associated with heart rate remained when patients receiving a beta-blocker were excluded . Prognostic value of exercise-induced ST depression in rest ECG subsets. In the 17 patients with exercise-induced ST depression >_ 1 mm and a baseline predischarge ECG showing no Q waves, the risk of cardiac death was 11 times higher than that of the 38 patients showing no Q waves without exercise-induced ST segment depression . Sixteen of these 17 patients had a non-Q wave myocardial infarction and 6 had ST depression at rest (only 1 of whom was taking digoxin) . Four of the 6 patients with and 5 of the 1 I patients without ST depression at rest died . In patients with anterior or lateral Q waves, or both, or inferior Q waves, exercise-induced ST depression was not associated with increased risk .
Other end points . Exercise angina and maximal heart rate <100 beats/min were predictors of reinfarction . Exercise angina, ST segment depression ? 1 mm, time to ST segment normalization >_5 min and failure of systolic blood pressure to increase were all associated with revascularization procedures . When a cardiac event was considered to be death or reinfarction, ST depression >1 mm, rate-pressure product < 1 ,500 and time for ST normalization >5 min were significantly associated with an increased risk . Multivariate analysis . Stepwise logistic regression of either death or reinfarction on the clinical candidate variables found only diuretic usage at discharge to be independently predictive of reinfarction . When the exercise variables were added, exercise-induced ST depression was significant (p = 0 .001) .
Discussion
Despite many studies examining the prognostic value of exercise testing after myocardial infarction, there is disagreement regarding which exercise test responses are reliable predictors of outcome (3) . Factors affecting the predictive value of the predischarge exercise test responses include patient selection, medications, baseline ECG, interventions affecting prognosis and the end points considered as cardiac events . This study, the first separately presenting the results from a Veteran Administration Medical Center, was designed to determine if exercise test responses could predict the risk for cardiac events in the veteran population . A secondary goal was to test the hypothesis that rest ECG patterns affected the predictive value of the ST segment response .
Prognosis of patients ineligible for exercise testing . Our study confirms that patients ineligible for exercise testing have a higher mortality rate than those who can be tested (3) . When separating those not tested by cardiac and noncardiac reasons, these results were even more pronounced . Patients excluded because of cardiac limitations had a mortality rate of 38% ( 3 of 60 patients), whereas those excluded for noncardiac reasons had a mortality rate of 1% (3 of 155 patients) . This high mortality rate was a result of patients with generalized or debilitating diseases who had a mortality rate of 45% and patients with a cerebrovascular accident who had a mortality rate of 7 %, whereas the remaining 66 had only a 5% mortality rate . Clinical and historical variables . With use of univariate analysis, only features reflecting decreased myocardial function were associated with an increased mortality rate (Table  1) . These variables included history of prior myocardial infarction, Killip class > 1 or chest X-ray score > 1 or both, and diuretic therapy . When the events considered were death or reinfarction, history of hypertension or diabetes mellitus and postmyocardial infarction angina were associated with an increased risk .
Role of myocardial infarction site . Although infarction site was not associated with increased risk, non-Q wave infarction was associated with a twofold risk ratio (p < 0 .05) for death but not recurrent myocardial infarction . However, after exclusion of patients with prior infarction, non-Q wave myocardial infarction was no longer associated with an increased risk for death . Some of the controversy regarding the risk for patients with non-Q wave myocardial infarction can be explained by the inclusion or exclusion of patients with prior infarction (1, ) .
Role of the predischarge rest ECG . Previous studies (9) (10) (11) have demonstrated the value of the ECG for estimating myocardial infarct size and its prognostic value for patients with myocardial infarction . Among the ECG variables, ST segment depression or elevation at rest (6), the extent of the Q waves and presence of anterior Q waves were associated with death or reinfarction . Also, ECG scores have been proposed that estimate left ventricular ejection fraction (1 ) . In our study, no single ECG abnormality other than left bundle branch block was associated with cardiac events . However, a risk ratio of 3 .8 was present when the rest ECG exhibited ST depression and no diagnostic Q waves (p < 0 .04) . Ten of the patients with this ECG combination had a non-Q wave myocardial infarction and two had regression of Q waves that occurred with the acute infarction . Thus, an ECG pattern consistent with an initial non-Q wave myocardial infarction or loss of Q waves was associated with increased risk of death when ST depression at rest was present .
Exercise Test Responses
ST segment response . In a meta analysis (3) of postmyocardial infarction patients who had an exercise test, only 1 of 4 reported studies demonstrated an association of exer-KLEIN ET AL .
EFFECT OF Q WAVE ON THE EXERCISE ECG
cise-induced ST depression with death during follow-up . A previous study (4) demonstrated that ST segment shifts did not predict reperfusion defects on thallium scintigrams when anterior Q waves were present . Thus, we hypothesized that the rest ECG at the time of the exercise test could explain why ST segment depression is not always associated with an increased risk for death . Table 3 lists the sensitivity/ specificity and risk ratios of abnormal exercise-induced ST segment shifts for death during follow-up study after myocardial infarction in the eight studies that permitted these calculations (3, (13) (14) (15) (16) (17) (18) (19) . Although it is not apparent from reviewing their report, Theroux et al . (13) must have studied a group largely consisting of patients without Q waves to observe such a high risk ratio . In the studies with no risk found, patients with Q waves must have predominated .
In our study, exercise-induced ST segment depression > 1 mm was associated with increased risk of death ( .3X, p = 0 .017) ; this persisted in patients taking digoxin . Exerciseinduced ST segment depression was found to be much more predictive of outcome in a subgroup of patients without diagnostic Q waves . The risk of cardiac death was I l times higher in patients with exercise-induced ST depression in this group . Exercise-induced ST segment elevation was not associated with increased risk nor was it confounded by exercise-induced ST depression .
Non-ECG treadmill test responses . The only exercise variable significantly correlated with cardiac death was the MET level achieved . Patients who achieved <3 METs had a .8 times increased mortality rate (p < 0 .01) . These results are consistent with other postmyocardial infarction studies (3) in which an abnormal exercise capacity was associated with death during follow-up . In contrast to other studies, an abnormal systolic blood pressure response was not associated with cardiac events . An increase < 0 beats/min in heart rate during exercise was associated with increased risk . However, after exclusion of patients who were receiving a beta-blocker, this variable was no longer significant .
When death or reinfarction was considered as an end point, exercise-induced ST segment depression >_ 1 mm, maximal rate-pressure product <13,000 and time to ST segment normalization ?5 min were significantly related .
Stepwise logistic regression demonstrated exercise-induced ST depression to be consistently associated with cardiac events . The MET level achieved was the only other significant exercise variable, but it was associated only with death .
Limitations of this study. These include its retrospective design, uneven follow-up periods and the small size of the study population . This latter limitation made the application of survival analysis inadvisable . Why were our findings not demonstrated by previous studies? There are many clinical subsets in the postmyocardial infarction patient population and many ways of classifying subsets . Thus, it is quite possible not to detect the interaction between the discharge ECG and the exercise test without specifically looking for it . Conclusions. Abnormal ST segment depression on a predischarge submaximal treadmill exercise test was associated with twice the risk for death in the first years after myocardial infarction in a veteran population . The risk increased to 11 times in a subgroup of patients without diagnostic Q waves on the ECG recorded at the time of their exercise test . These results suggest that the difference in the prognostic value of the postmyocardial infarction exercise ECG between studies is due to variations in the prevalence of the patterns of the rest ECG among study populations . Future studies should consider a more complete classification of the ECG ( 0) as well as its interaction with exerciseinduced ST segment changes .
